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Introduction
For almost a century quantum mechanics has been the cornerstone for theories of microscopic phenomena occurred in physical, chemical and biological systems. Despite its great success, the quantum behaviour in the microscopic world has long puzzled scientists ever since Einstein [I] introduced the concept of "photons" to the wave nature of electromagnetic waves, and later by De Broglie who introduced "matter wave" to particles [2] . The debates about'the dualism of particle and wave, the logic of existing quantum theories, the origins of quantum interference, and interpretation of quantum measurements have never waned [3-71. In this work a simple ribbon model with hopping, "color-varying" dynamics is presented to explain the mechanisms of quantum interference, as an alternative to the orthodox but often abstract approaches of Schrodinger wave mechanics [8] with the same phase. The phenomena of quantum interference and uncertainty broadening will be explained using this ribbon model as manifestation of fast mixing between the internal degrees of freedom which are the time-reversed states.
Illustrations will be made for uncertainty broadening and quantum interference effects to demonstrate why such phenomena are less likely to occur in the macroscopic world. Dual characteristics of the de Broglie wavelets and the Schrodinger guide-wave functions will also be investigated.
Linear ribbon model
We will consider here the hopping mechanism of "color-varying " particles along a linear ribbon. The "color" change represents oscillation between the two internal degrees of freedom which will be shown to be related to the time-reversal symmetry. The rate equation for the distribution function fn,,(t) is defined by . where p (1 or -1) is the "color" index for the two internal degrees of freedom, and n is the index for the site position. As illustrated in fig. 1 , the top particle in a ribbon with p = 1 can only hop to the nearest right and the bottom particle with p =-1 can only hop to the nearest left with the same rate constant W. U, is the exchange rate between particles at the same site but a different p. The time dependence of the position and the "color" of particles can be determined from eq.
(1) which can be solved by Fourier transform using F,(t) = fJt) exp(-i2nkn/N) and Gk(t) = E, f,Jt) exp(-i2nkn/N). Assuming a sufficiently long chain, so that 2nWNR (R is the lattice length) can be replaced by a continuous variable K, the solutions for F,(t) and G,(t) are given by
By defining the vector a, as (0, Q,cosO,, -QKsinOK), the above equation can also be expressed as where 0's are the Pauli matrices. One can define here a 2 X 2 density matrix p,(t) in terms of F, , F,*, G, and G,* such as It can be shown that the evolution of p,(t) is given by By comparing this result with Einstein's mass-energy relation [lo] of E' = p'c' + mO2c4 for a free massive particle, one has WR = c and U, =rnoc'//'fi. For an electron, one may define the natural length unit R as the classical radius of an electron re (rc = q'h/m,c = 2.82 X 10 -I3 cm) and the natural time unit W; ' as c/re (about 9.41 X 10 s), where re is related to the Compton wavelength h/m,c by the fine-structure constant CY = 1/137.04. It seems that the lattice unit R can be arbitrarily small so long as the assumption of KR <( 1 is met and the time unit W-* is defined as Wc. For other particles with a mass moone may define the Compton wavelength h/moc as the natural length unit R.
De Broglie wavelets and Schrodinger wave functions
We will first consider the strong exchange, nonrelativistic limit with U,' >> W?R*K? From eq. (2) or (12) . A localized oscillating finite energy solution for a massless Klein-Gordon wave equation has been discussed by Barut [13] which is related but different from this work. For an ensemble of particles or wavelets with an initial distribution of K,, +p(x, t) describes the nonlocalized Schrodinger-type carrier wave function where one obtains the probabilistic interpretation in the standard quantum theory. In a doubleslit experiment by Tonomura et al. [14] single'dots were observed as an individual particle hit a screen. In each single event, a dot corresponds to the impact of a "soliton-like" wavelet. AS enough ensemble of these dots were collected in a memory device, the interference pattern emerged. Such an observation agrees with the probabilistic interpretation of the delocalized Schrodinger-type wave function +,(x,t), and the localized wavelet nature of an individual particle discussed here.
Uncertainty broadening
Now we will examine the phenomena of uncertainty broadening. The distinction between wavelets and carrier wave functions, as we. have discussed earlier, will not be emphasized here. We will examine the probabilistic properties In this model, the exchange interaction U, causes fast exchange between fl and f-l which represent time-reversed states of two degenerate components with same kinetic energy but opposite momentum. It is shown here that the uncertainty broadening is a result of f, and f-, components moving opposite to each other. The increasing uncertainty broadening prescribed in eq. (13) (13) is shown in fig. 2 to illustrate the uncertainty broadening caused by fast mixing.and opposite motion of fi and f2 components.
The coordinate x is normalized to L, the initial width of delocalization. The time t is also normalized to T defined as m,/moL2, where me/mo is the ratio of the electron mass to the mass of the particle in consideration. For a given L, a heavier object takes mo/me more time to delocalize. In contrast to the axiomatic but often obscure wave mechanics or matrix mechanics, this simple hopping model provides better physical insights into the difference between the classical behavior in the macroscopic world and the peculiar quantum interference in the microscopic world.
Quantum interference
To demonstrate quantum interference using this 'I color-varying " ribbon model, let us consider an ensemble of nontravelling particles represented by two Gaussians peaked at -a, and a,, Le., fi(x, t=o) O= exp(-(x+a,)'/4L2) + exp(-(x-a,)'/4L2) and fJx, t=O) = 0. The delocalization width L is assumed to be much larger than the Compton wavelength in the nonrelativistic, fast exchange regime. It can be shown from eq. (2) that
The above result illustrates quantum interference between two particle packets. It is a quantum analogy to the Young's double-slit experiment in optics, where L is the width for the slit opening and 2a, is the distance between two slits. If particles are assumed to have a constant speed along the z axis (perpendicular to the slits which -are aligned along the x axis), then the time variable t is directly'related to the distance between the double slits to a screen. The above result indicates a spreading line shape with expanding $(t). In addition, the interference fringes emerge which are represented by the cosine term with a time dependent phase @(t) given by 'tia,xt/[2mo(L4+ t2%'/4rn~)]. At a very short time t << 2m,L2/%, the intensity of fringes is very weak and the phase @(t) = ha,xt/2m,L4 corresponds to a frequency o =A%x/m,L4. As time evolves the packets spread out due to increasing second moment and the interference fringes start to emerge. At t )> 2m,L2/A, the oscillation in phase @(t) = 2~xm0/'tit slows down and the intensity of fringes decreases again. As illustrated in figs. 3 and 4, the quantum interference effects resemble the optical interference in a double-slit experiment. Both surface and contour plots are shown for the cases of ;b/L = 10 and 20. In the beginning, two initial Gaussian wave forms expand in shape exhibiting uncertainty broadening. As the wave front of these two individual distributions cross each other, interference fringes emerge.
The width between fringes, given by 2m0(L4+ t2?i2/4mt)/ha& also changes in time.
At a very short t, the fringe intensity starts to grow and the width between fringes starts to narrow until t = 2m,L2/h. At t > 2m0L2/h, it starts to grow weaker in intensity and wider between fringes. For a smaller aJL, inteiference fringes emerge at a much later time. The width between fringes is narrower and the intensity of interference is weaker.
Discussion and condusions
In this work, we have presented a simple hopping and "color-varying" ribbon. 
